The composition of faisting hepatic bile was analyzed in 63 samples from 8 patients following cholecystectomy to determine if bile was lithogenic in patients with previous cholesterol gallstones after removal of the gallbladder. Bile specimens were obtained from t-tubes over a 7-20 day study period following re-establishment of the enterohepatic circulation. Bile composition varied on a day to day basis in each patient. 18 of 63 samples were lithogenic according to criteria of Admirand and Small while 35 of 63 samples were lithogenic according to criteria of Hegardt and Dam. Variations in the composition of hepatic bile appeared related to changes in the excretion rate of bile acids. These studies demonstrate that hepatic bile may be lithogenic after cholecystectomy and indicate that factors other than sequestration of the bile acid pool in the gallbladder influence the enterohepatic circulation of bile acids and the lithogenicity of bile.
INTRODUCTION
Many patients with cholesterol gallstones have abnormalities in the chemical composition of bile characterized by an excess of cholesterol (1) . Indeed, at the time of cholecystectomy, hepatic bile is often supersaturated with cholesterol (2, 3) . These findings led to the concept that the liver was the primary source of lithogenic bile and that the gallbladder played a passive role in the formation of cholesterol gallstones. ' Supported by USPHS Training Grant No. AM 5180-13; USPHS Research Grant No. AM However, because studies of hepatic bile were made in the fasting state when the majority of the bile acid pool was sequestered within the gallbladder, hepatic secretion of lithogenic bile resulted in part from the interruption of the enterohepatic circulation of bile acids rather than just reflecting an intrinsic metabolic defect in the liver (4, 5) . However, if the lithogenicity of hepatic bile were due entirely to a physiologic interruption of bile acid circulation by the gallbladder, hepatic bile should be continuously normal in composition once the gallbladder was surgically removed.
We examined this problem of the determinants of lithogenic bile by measuring the composition of serial samples of hepatic bile in the same patients following cholecystectomy for previous gallstones.
MATERIALS AND METHODS
Eight patients who underwent common duct exploration were subjects for this study (Table 1) . In each case, the gallbladder had been removed shortly before study or at a previous operation. Cholesterol was extracted in chloroform and methanol (6) from available stones or sludge from 6 of the 8 patients, and was the major constituent detected qualitatively by thin layer chromatography in all but one, where bilirubin was predominant (A. G.) (7) . To avoid studying these patients in the immediate postoperative period when the bile acid pool was depleted by t-tube drainage, samples were obtained 2-5 wk after surgery, at a time when liver function was normal, and the enterohepatic circulation had been progressively reestablished. When the t-tube was clamped for at least 2-3 days, patients who consented to the study were transferred to a metabolic research ward where they consumed a normal hospital diet. The t-tube was opened between 8 and 9 A.M. after fasting from midnight. Three to 5 ml of dead space bile was drained and discarded, and a 5-10 ml sample of freshly secreted hepatic bile was collected. Bile was obtained daily or every other day over 4-20 days and less than 100 mg of bile salts were removed during each collection. All samples were immediately frozen at -20°C and analyzed subsequently after agitation, for cholesterol by the method of Abell et al. (8) , phospholipids by the method of Bartlett (9) , and bile salts by the hydroxysteroid dehydrogenase method (Boyer, Scheig and Klatskin) (10) . The composition of each sample was then determined and plotted on triangular coordinates as described by Admirand and Small (1) . Criteria for cholesterol solubility were based on both Small, Bourges and Dervichian's (11 ) , and Hegardt and Dam's phase equilibria (12) , and were calculated from mixtures containing 95% H.0 since determinations of % H O of 12 different hepatic bile samples from two patients averaged 95.4 ± 2.75%. There was no significant difference in % solids between samples that were saturated or unsaturated with cholesterol. Complete collections of bile could be obtained in two studies where t-tubes containing an inflatable balloon on the distal arm (Baldwin t-tubes) were inserted at the time of surgery. The balloon on the distal arm of the t-tube was inflated to occlude the lumen only during the period of bile collection. In these studies, samples of bile were obtained for approximately 1 hr after an overnight fast, and bile salt and cholesterol secretion rates were measured and compared with the lithogenic index as described by Metzger, Heymsfield and Grundy (13) . Routine tests of liver and pancreatic function were obtained three to four times each week to avoid analysis of bile samples from patients with impaired hepatic or pancreatic function. One patient was excluded from the study on this basis. Table 1 illustrates the incidence of lithogenic samples observed in these eight patients following cholecystectomy, as judged by both the criteria of Admirand and Small (1) and Hegardt and Dam (12) . In two patients, daily bile composition varied, but always remained within the linie of cholesterol solubilization by either criteria (Fig. 1 ). In the remaining six patients, the composition also varied on a day to day basis but some or all of the samples were lithogenic depending on the criteria selected (Fig. 2) .
RESULTS
In two patients who secreted lithogenic bile (W. G. and A. G.), complete collections were obtained for approximately 1 hr every other day after inflation of a Baldwin t-tube. In these patients, bile lithogenicity, expressed as the lithogenic index (13) , was compared with the rate of bile acid excretion. The lithogenic index was always increased on days when bile acid secretion rates were diminished. No significant changes in composition were observed when sequential samples of bile were obtained on a given day over a 30 min period in any patient. (1, 3, 14) .
Debate exists, however, as to the significance of the gallbladder in the pathogenesis of gallstones and the formation of lithogenic bile since it is capable of sequestering a large portion of the bile acid pool and, therefore may enhance the lithogenicity of hepatic bile. However, the observations in the present study indicate that the composition of hepatic bile varies from day to day in a given patient when analyzed in the fasting state 2-5 wk after cholecystectomy. Since Whether or not continued excretion of lithogenic bile predisposes to common duct stone formation in the post-cholecystectomy patient is not clear although in two of our patients (W. G. and C. M.) either common duct stones or sludge containing cholesterol crystals were removed from the common duct 4 and 35 years respectively after a previous cholecystectomy.
